This year marks the centenary of Robert Koch's Nobel Prize for discovering the cause of tuberculosis. Koch was also the first scientist to isolate the anthrax and cholera microbes. Yet perhaps one of his greatest contributions to biology is the least appreciated: his method for propagating individual colonies of bacteria on plates, a technique that came to be called cloning.
Koch and His Postulates
Robert Koch (1843-1910) (Figure 1 ) was a German scientist without mentors in research (Brock, 1999) . He began his microbiological investigations as a hobby soon after his appointment in 1872 as a distinct physician in Wollstein (now Wolsztyn in Poland). He laid the groundwork for his great contributions there, moving to Berlin in 1880. As early as 1873, from examining a sheep that had died from anthrax, he proposed that the cause of this disease was rod-shaped "bacilli" that differentiated into long-lived round spores. Louis Pasteur was already advocating the germ theory of disease and was quick to develop an anthrax vaccine following Koch's discovery.
In 1840, Jacob Henle first conceptualized the source of a contagion as being a living agent, with his famous dictum: "It is not the disease which is being transferred *Correspondence: r.weiss@ucl.ac.uk The postulates for which Koch is chiefly remembered today are something of a misnomer because he never clearly enunciated them himself, although he followed their logic in pathogen discovery. It was Edwin Klebs, Professor of Pathology in Prague and a keen champion of Henle's ideas, who hinted at Koch's postulates in 1875: careful microscopic study of the diseased organ, culture of the germ associated with the disease, and production of the same disease by inoculation of this cultured germ into healthy animals. Klebs also rephrased Henle's aphorism to: "It is not the disease, but the cause of the disease, that reproduces."
The version of Koch's postulates most frequently cited was ascribed to Koch by his research assistant, Friedrich Loeffler, in his 1883 paper identifying Corynebacterium diphtheriae as the cause of diphtheria.
(1) The microbe must be consistently shown to be present in the diseased tissue and not in healthy tissue; (2) The microbe must be isolated and grown in culture in pure form; (3) The pure culture must be shown to induce the disease anew. 
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Bacterial Cloning
Why should I call Robert Koch the "grandfather of cloning"? It is on account of his 1881 paper "Zur Untersuchung von Pathogenen Organismen" (On the Examination of Pathogenic Organisms) in which he describes a method for growing isolated colonies of bacteria. He poured a hot mixture of nutrient broth and gelatin onto a glass plate, which was then allowed to set before exposing it to germs. He described how separate colonies developed that eventually merged into a microbial film. This method allowed him to pick cells from individual colonies and to propagate them as "pure" cultures. He could then test their pathogenicity by inoculation into experimental animals. He recognized that different colonies have different morphologies yet breed true on propagation, and he adopted a Linnean nomenclature for bacterial species (Schlich, 2000) .
Koch's cloning technique did not come out of the blue. In 1875, Joseph Schroeter had observed discrete, red colonies of the bacterium Serratia marcescens on the cut surface of potatoes. Although Koch did not cite Schroeter, he stated that seeing different types of colony growing on potato slices led him to develop the gelatin plate technique. In 1878, Joseph Lister described the limiting dilution method in liquid culture for isolating bacteria in pure form, but Koch exploited bulk culture for the progeny of his clones.
Two further developments in the 1880s established microbiological cloning essentially as we know it today, namely the use of agar as a semi-solid nutrient medium suggested in 1882 by Fannie Hesse (a practical "hausfrau" and a laboratory assistant) and the introduction of the petri dish ( Figure 2A ). In 1887, Koch's protégé, Richard Petri, described "A small modification of Koch's plate technique" as his paper was titled (in German). He wrote: I have been using flat double dishes of 10-11 cm wide and 1-1.5 cm high. The larger diameter dish serves as a lid. These dishes are sterilized by dry heat. After cooling, the upper dish is lifted only slightly and nutrient gelatin is poured in… These dishes are especially recommended for agar-agar plates, since agar-agar sticks poorly to flat glass plates. In addition it is quite simple to count the colonies after they have grown by replacing the lid with a glass plate with squares etched on it viewed over a black background.
Petri's name lives on from this one and only notable contribution. Figures  2C and 2D) .
Cloning since Koch
These lytic and transformation techniques opened the way to animal virus genetics and the discovery of oncogenes. More recently, viral pathogens that could not be cultured in the laboratory were discovered through recombinant DNA and cDNA cloning, for example hepatitis C virus in 1989 and Kaposi's sarcoma herpesvirus in 1994.
Mammalian Cell Cloning
Immortal cell lines were developed from the late 1940s. Mouse L cells were first cloned by Earle in 1948 through single-cell isolation in capillary tubes, and human HeLa cells isolated by G. Gey in 1952 were cloned by Theodore Puck (Figures 2D and 2E) . In the 1960s, nontransformed cell lines with a high cloning efficiency (such as hamster BHK21 and mouse 3T3 cells) were developed and used to select transformed colonies after exposure to oncogenic viruses or other carcinogenic agents. Now that cells could be grown as colonies like bacteria, the science of mammalian somatic cell genetics blossomed (Harris, 1997) and was a boon to the fields of radiobiology and mutagenesis. Fusion of cells of different parentage allowed analysis of chromosome segregation and genetic mapping. Just as Koch labored to find a suitable medium to grow tubercle bacilli in 1882, mammalian cell culture required meticulous studies by Puck and Harry Eagle to establish optimal media for cloning. We still use DMEM (Dulbecco-modified Eagle's medium) with 10% fetal calf serum, which was developed nearly 50 years ago to afford 100% cloning efficiency of HeLa cells. 
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